We aimed to characterize successful cognitive aging (SCA) among older HIV-infected (HIV+) and HIV-uninfected (HIV−) adults, and to determine associations with positive psychological factors and health-related quality of life (HRQoL). Ninetynine HIV+ and 46 HIV− older adults (≥ 50 years) completed measures of neurocognition, positive psychological factors, and HRQoL. Using study-defined SCA criteria (i.e., no cognitive or everyday impairment or major depressive disorder), we compared positive psychological factors and HRQoL across four groups: HIV+/SCA+, HIV+/SCA−, HIV−/SCA+, HIV−/ SCA−. SCA was identified in 29% of the HIV+ sample compared to 61% of the HIV− sample (p < 0.01). HIV+/SCA+ participants had higher scores on 8 of 10 measures of positive psychological factors as well as better HRQoL (ps < 0.05) as compared to the HIV+/SCA− group. Furthermore, the HIV+/SCA+ participants had comparable scores on these factors as HIV− adults. Fewer HIV+ than HIV− participants met SCA criteria; however, the level of positive psychological factors among the HIV+/SCA+ group was comparable to the HIV− sample. Our findings present opportunities for interventions to optimize positive psychological factors and potentially improve SCA among older HIV+ adults.
Introduction
A large proportion of HIV-infected (HIV+) adults in the United States are 50 years of age or older [1] , and it is predicted that by 2030 that 73% of HIV-infected individuals will be over the age of 50 [2] . Aging with HIV involves complex interactions among a variety of person-level factors, including neurocognitive functioning, functional status, mental health, health behaviors, and psychosocial issues [3] . HIV-associated neurocognitive disorders (HAND) are observed in just over half of HIV+ adults [4] , and older adults with HIV are at a three-fold risk of HAND compared to their younger counterparts [5] . Older HIV+ adults also face psychosocial challenges, including more social isolation than their HIV-uninfected (HIV−) counterparts [6] . Together, these risk factors translate into a disproportionate risk for disruptions in the ability to remain independent on many instrumental activities of daily living (IADL) [7] [8] [9] [10] [11] . Functional disability expenditures have made HIV among the most expensive chronic illnesses and may interfere with health-related quality of life (HRQoL) [12, 13] , emotional well-being [14, 15] , and successful cognitive aging (SCA) at the individual level.
A great deal of research has focused on the less than optimal outcomes of some older persons living with HIV, however, limited research has examined the risk and protective factors associated with SCA in this growing population. Among HIV− adults, positive psychological factors (e.g., resilience), mental HRQoL, and social support have been shown to facilitate successful aging [16] [17] [18] [19] . Such factors may inform intervention strategies to promote successful aging in older adults living with HIV.
In one of the first studies to systematically examine factors associated with successful aging among older HIV+ adults, it was found that despite HIV+ adults having a lower mean self-rated successful aging (SRSA) score than their HIV− counterparts, nonetheless two-thirds of the HIV+ adults reported scores in the top half (≥ 5) of a 10-point scale of SRSA [20] . SRSA was related to higher positive psychological factors, better emotional functioning, and better HRQoL. SRSA was unrelated to HIV disease characteristics, including duration of HIV disease, current and nadir CD4 counts, plasma HIV RNA, and AIDS status. The limitation of this previous study, however, was that that successful aging was only defined using a likert-type SRSA scale from 1 to 10. Among studies using more detailed successful cognitive aging criteria (defined as the absence of objective neurocognitive deficits and subjective cognitive symptoms) in those with HIV, a stair-step decline in successful cognitive aging in accordance with increasing age and HIV serostatus has been observed, ranging from approximately 50% of younger HIV− adults meeting criteria for successful cognitive aging to only approximately 20-30% of older HIV+ adults meeting this criteria [17, 18, 21] . These previous studies show that successful aging, specifically successful cognitive aging, is observed among those living with HIV and provide insights to some potential risk and protective factors. The present expands upon these previous studies and uses similar, yet broader, multi-domain, studydefined, SCA criteria.
Although much of the broad successful aging literature has focused on freedom from disease and high physical functioning as criteria for successful aging, such criteria may be overly restrictive and would prevent classification of successful aging among those living with HIV. For the purposes of the present study, we defined a SCA phenotype that includes the absence of the following disease-related morbidities that are common in HIV: cognitive impairment, IADL dependence, and major depressive disorder (MDD). This conceptualization of SCA is not entirely novel in that it partially and inversely overlaps with HAND diagnostic criteria, however, the proposed SCA definition allows us to explore how levels of various positive psychological factors and HRQoL are associated with our study-defined phenotype of SCA.
The purpose of this study was to (1) estimate the proportion of older HIV+ and HIV− adults who meet this studydefined phenotype of SCA (see Methods), and (2) to compare subjective self-rated successful aging (SRSA), positive psychological factors, and HRQoL across these objective study-defined SCA groups.
Methods

Participants and Procedure
The present study examined 99 community-dwelling, older (i.e., aged 50 years and above), HIV+ and 46 HIV− adults. Participants were recruited from Southern California (mostly San Diego County) via flyers and presentations at various community-based meetings. The current study, Successfully Aging Seniors with HIV (SASH), was approved by the UC San Diego Institutional Review Board. Informed consent was obtained from all individual participants included in the study. Exclusion criteria were generally minimal with the exception of acute drug or alcohol intoxication (e.g., positive urine toxicology screen), significant neurologic/ neurodegenerative disorders conditions (e.g., Parkinson's Disease), and serious psychotic disorders (e.g., schizophrenia). Our goal was to enroll a representative cohort of both HIV+ and HIV− subjects, rather than exclude participants with certain conditions prior to enrollment. All participants were reviewed for potential confounding comorbid psychiatric, medical, and neurological conditions known to adversely impact neurocognitive functioning (e.g., stroke, brain injury with loss of consciousness, history of substance use disorders) using established methods in the HIV literature [4, 22] , which yielded the following four confound statuses: no confounds, minimal, moderate, and severe. Severe confound status was determined by two independent raters blinded to neuropsychological status (Master's-and Doctoral-level psychology trainees) and confirmed by a clinical neuropsychologist (DJM). Severely confounded comorbidities in this sample included myocardial infraction, significant head injury, and other factors known to be associated with declines in neuropsychological functioning. Given the relatively small subset of participants classified as severely confounded [n = 16 (16%) of HIV+ sample and n = 7 (15%) of HIV− sample] as well as the high prevalence of neurological comorbidities in the general HIV population, we chose to include all participants in the present study to enhance the ecological validity and generalizability of our findings to the broader HIV population.
Measures
Successful Cognitive Aging
Study-defined SCA was operationalized as the absence of: neurocognitive impairment, current MDD diagnosis, and dependence in instrumental activities of daily living (IADL). Neurocognitive impairment was determined via a comprehensive, seven-domain, neurocognitive battery. Raw test scores were converted to demographically-corrected T-scores using the most appropriate normative corrections [4] . Neurocognitive impairment was defined using the published clinical ratings approach, such that those with a global clinical rating of 5 or greater (which is indicative of at least two cognitive domains in the impaired range) were classified as impaired [23] . Current MDD was diagnosed with the Composite International Diagnostic Interview (CIDI) [24, 25] , which is based upon DSM-IV diagnostic criteria. IADL dependence was determined based on decline and need for assistance in ≥ 2 IADL domains (e.g., finances, managing medications) on the Lawton and Brody ADL questionnaire; irrespective of whether subjects attributed these declines to cognitive or physical factors [26] [27] [28] . Any participant who had at least one of these three criteria was deemed SCA−, whereas the absence of all of these three criteria was given the assignment of SCA+ . This yielded four primary groups: HIV+/SCA+, HIV+/SCA−, HIV−/SCA+, HIV−/SCA ( Table 1) .
Correlates of SCA
In order to examine correlates of SCA, we used questionnaires measuring positive psychological factors, SRSA, and HRQoL. The ten positive psychological factors are listed in Table 2 along with detailed information on the constructs assessed and range of scores. SRSA was measured via a single question asking subjects to rate how successfully they felt they were aging using their own definition on a 10-point Likert scale, where 1 is the worst and 10 is the best [29] . Finally, HRQoL was assessed with the Mental and Physical Health Composite Scores of the Medical Outcomes Study SF-36 [30] . Other medical covariates (e.g., diabetes, hyperlipidemia, etc.) were identified via clinical interviews with our medical staff (e.g., nurse). The lay-administered CIDI was also used to diagnose DSM-IV substance abuse or dependence. Current and lifetime substance use disorder was assigned as present if abuse or dependence criteria were met for any the following substances: cocaine, methamphetamine, heroin, hallucinogen, opioid, PCP, or sedative.
Statistical Analyses
Chi square was used to examine the differences in SCA prevalence between the HIV+ and HIV− samples, including prevalence of each of the individual components (i.e., neurocognitive impairment, current MDD, and IADL dependence). Analysis of variance (ANOVA), and Chi square when appropriate, was used to compare differences between the four SCA/HIV groups on demographic and health variables. Subsequently, we conducted an analysis of covariance (ANCOVA) to determine whether the difference in SCA between HIV+ and HIV− subjects remained after adjustment for potential covariates (i.e., variables associated with either HIV status or SCA status). We then compared the overall HIV+ and HIV− groups on each of the positive psychological factors and SRSA, and similarly used ANOVA with Student's t pairwise tests to compare differences between the four groups on each of the positive psychological factors, SRSA, as well as HRQoL. Follow-up confirmatory analyses were conducted on SRSA, positive psychological factors, and HRQoL by employing a 2 × 2 ANCOVA (including relevant covariates), examining main effects of HIV, SCA, and the HIV × SCA interaction.
Results
The overall sample was primarily white (76%) males (79%), ranging from 50 to 79 years of age (M (SD) = 58.70 (6.81)) with between 6 and 20 years of education (M (SD) = 14.28 (2.64)). All HIV+ participants except two were currently taking antiretroviral therapy. Descriptive information on the sample divided by HIV and SCA status is provided in Table 1 .
Twenty-nine percent (29/99) of the HIV+ sample met study-defined SCA criteria as compared to 61% (28/46) in the HIV− sample (p < 0.01). Table 3 shows the prevalence of each of the three individual risk factors by HIV status. Each of the three risk factors was significantly more prevalent (ps < 0.05) in the HIV+ compared to the HIV− group. Table 1 shows sample demographics by the four HIV/ SCA groups, as well as HIV characteristics between the HIV+/SCA+ and HIV+/SCA− groups. An omnibus oneway ANOVA of the four HIV/SCA groups showed that the only significant (p < 0.05) demographic difference between HIV/SCA groups was sex, with the HIV+ group as a whole having more men. There were trends for race and age, such that the HIV+ group had overall more white subjects, while for age, the HIV+/SCA+ was younger than the HIV−/SCA+ group. Omnibus examination of lifetime MDD showed that rates differed between the groups (p < 0.01); however, this factor was not included in subsequent models since current MDD was one of our defining criteria for the successful cognitive aging groups (Lifetime MDD rates; HIV+/SCA+ = 45%, HIV+/SCA− = 66%, HIV−/SCA+ = 18%, and HIV−/SCA− = 44%). There were no significant differences on HIV disease characteristics between the HIV+/SCA+ and HIV+/SCA− groups. Confound rating was significantly different between the four groups (χ 2 (9, N = 148) = 41.9, p < 0.01). Most of the confound ratings in the HIV+ group were "minimal" or "moderate" (80%), whereas the majority of confound ratings in the HIV− group were rated as "none" or "minimal" (73%) ( Table 1) . Finally, hyperlipidemia was significant different between the four groups, with the HIV+ group overall having a higher prevalence of this condition. We also examined whether any Table 1 variables were associated at p < 0.10 with HIV status (minus HIV variables) and SCA status independently to determine whether any potential covariates might affect the association of HIV status with SCA. We found that hyperlipidemia, gender, race, lifetime substance diagnoses, and confound rating were associated with HIV status, and gender was associated with SCA status. We entered these covariates along with HIV status into an ANCOVA, and found that the main effect of HIV status on SCA remained. Hardiness, which includes 3 components: control, commitment, and challenge "Setbacks don't discourage me." (1-not like me at all-5 very much like me)
Higher scores reflect greater levels of hardiness (1) (2) (3) (4) (5) Duke social support index (DSSI) (4-item social interaction subscale sum); Koening et al. [32] Social support, which includes number of close relationships and frequency of socialization "About how often did you go to meetings or clubs, religious meetings, or other groups that you belong to in the past week?" (1-none-3-seven or more times)
Higher scores reflect more social engagement (4-12)
Connor davidson resilience scale-10 Item (CD-RISC10) (10-item overall resilience sum); Cambell-Sills and Stein [33] Resilience, which refers to positive adaption to adversity/ability to recover readily from illness, depression, and adversity "I am able to adapt to change." (1-not true at all-5-true nearly all of the time)
Higher scores reflect greater levels of resilience (0-40)
Philadelphia geriatric center morale scale (PGCMS) (5-item attitude towards own aging subscale sum); Lawton [34] Attitude towards aging, which relates to attitudes towards and evaluation of the aging process one experiences "I am as happy now as when I was younger." (0-disagree-1-agree)
Higher scores reflect more positive attitudes towards aging (0-5)
Life Orientation Test-Revised (LOT-R) (6-item overall Resilience sum); Scheier et al. [35] Optimism, referring to individual differences in generalized optimism versus pessimism.
"I'm always hopeful about my future." (1-strognly disagree-5-strongly agree) Higher scores reflect greater propensity for optimism Satisfaction with life scale (SWLS) (5-item overall satisfaction with Life sum); Diener et al. [36] Life satisfaction, which includes global cognitive judgments of satisfaction with one's life and subjective well-being "I am satisfied with my life." (1-not at all true-7-absolutely true)
Higher scores reflect greater satisfaction with life (5-35)
Pearlin personal mastery scale (PPMS) (7-item overall mastery sum); Pearlin et al. [37] Personal mastery, which reflects self-concept and the extent to which one perceives themselves in control of forces that significantly impact their lives "What happens to me in the future mostly depends on me." (1-strongly disagree-4-strongly agree)
Higher scores reflect greater levels of mastery Emotional support scale (ESS) (2-item emotional support subscale average); Seeman et al. [38] Emotional support, which includes frequency and availability of emotional support "How often are your spouse, children, close friends, and/or relatives willing to listen when you need to talk about your worries or problems?" (1-never-4-frequently) Higher scores reflect greater levels of emotional support (0-3)
Post-Traumatic Growth (PTGI) (21-item overall Growth sum);
Tedeschi and Calhoun [39] Posttraumatic growth, which reflects the degree to which positive growth or change occurred as a result of a crisis or disaster.
"I established a new path for my life." (0-no change-5-very great change)
Higher scores reflect greater degree of positive growth/change (0-105)
For the SRSA variable, there was a significant difference between the overall HIV+ and HIV− samples (p = 0.03, HIV+ M (SD) = 7.05 (2.29); HIV− M (SD) = 7.87 (1.82)), with the HIV+ sample having a lower (worse) SRSA. Using a cut-point based on the median SRSA in a previous paper (i.e., ≥ 7 on the 10 point SRSA scale was coded as successful aging; [17, 18] ), 67% percent of the HIV+ group and 82% of the HIV− group rated themselves as successfully aging. As compared to HIV− participants, HIV+ persons had significantly worse scores on eight of 10 of the positive psychological factors (all ps < 0.05) except for posttraumatic growth (p = 0.19) and religiosity, (p = 0.08). The HIV+ group also had lower scores on both mental and physical HRQoL (ps < 0.05) as compared to the HIV− group.
We used omnibus one-way ANOVA to compare the four HIV/SCA groups on the SRSA variable, psychological factor questionnaires (Table 4) , and HRQoL (Fig. 1) . SRSA was lowest among the HIV+/SCA− group; however, we found no significant difference between the four SCA/HIV groups (HIV+/SCA+ = 7.4, HIV+/ SCA− = 6.9, HIV−/SCA+ = 7.7, HIV−/SCA− = 8.2; p = 0.10). For the positive psychological factors we found a significant difference between the HIV/SCA groups on seven of the ten psychological factor questionnaires (i.e., emotional support, hardiness, optimism, personal mastery, attitude towards aging, resilience, and life satisfaction), with HIV+/SCA− participants reporting the lowest scores (ps < 0.05) ( Table 4) . Religiosity (p = 0.09), social support (p = 0.06), and posttraumatic growth (p = 0.32) were not significantly associated with study-defined SCA groups at the omnibus level. Although SCA was not associated with HIV disease characteristics, we investigated whether any of the positive psychological factors were associated with the HIV characteristics. Hardiness was positively associated with current CD4 count (r = 0.22 p = 0.04), satisfaction with life and resilience were negatively associated with nadir CD4 count (r = − 0.31, p < 0.01; r = − 0.25, p = 0.01, respectively). Lastly, Brief multidimensional measure of religiosity/spirituality (BMMRS) (2-item overall religiosity subscale sum); McNamara et al. [40] Religiosity/spirituality, which includes an overall self-ranking "To what extent to you consider yourself a religious person?" (1-very religious-4-not religious at all) Lower scores reflect higher levels of overall religiousness/spirituality (2-8) (Fig. 1) . Finally, to confirm the previous analyses, we conducted 2-way ANCOVAs on SRSA, positive psychological factors, and HRQoL, including HIV, SCA, HIV × SCA interaction, and the aforementioned covariates. For SRSA, we found no main effect for HIV status or SCA status. Moreover, there was no HIV × SCA interaction. For the positive psychological factors, we found: (1) SCA main effect only at p < 0.05: hardiness; (2) HIV main effect only at p < 0.05: life satisfaction, personal mastery, attitude towards aging, religiosity, optimism; (3) no HIV or SCA main effects or interaction: emotional support, social support, posttraumatic growth; (4) For resilience, there were trends toward HIV and SCA main effects (ps < 0.10). For physical HRQoL, there was an HIV main effect trend (p < 0.10) and a HIV × SCA interaction trend (p < 0.10). For mental HRQoL there were HIV and SCA main effects and a significant HIV × SCA interaction (ps < 0.05).
Discussion
As individuals live longer with HIV, there is an increasing need to understand how persons age successfully with HIV. In this study, we found that 29% of older HIV+ persons met study-defined criteria for SCA. This proportion was lower than that observed among a demographicallycomparable cohort of HIV− persons (61%). Although fewer HIV+ persons met SCA criteria than HIV− persons there is nonetheless a sizeable portion of the HIV+ cohort that were considered to be aging successfully. Among the HIV+ persons who met criteria for SCA, levels of various positive psychological factors, and mental and physical HRQoL, were comparable to the HIV− sample.
We recognize that there is currently no gold standard definition of SCA. With that said, neurocognitive impairment, IADL dependence, and depressed mood are common negative outcomes associated with aging with HIV, with a higher prevalence of each of these found in older adults with HIV compared to HIV− counterparts. Specifically, HAND estimates range from 30 to 50% of adults with HIV [4] and IADL impairment estimates are similar [41] . Elevated depressed mood has been reported as 30-46% among older (60 years or older) HIV-infected persons [42] . Consistent with previous findings of elevated prevalence of each of these components individually, the present study found similar elevations of each of these factors in our HIV+ cohort. Given the association between these factors, HIV-infection, and aging, using this operationalization of SCA allowed us to examine their combined association with self-rated successful cognitive aging, positive psychological factors and HRQoL. Our finding that self-rated successful aging was higher than study-defined SCA for both HIV+ and HIV− older adults is consistent with the findings among HIV− older adults [43] . Although not statistically significant, the selfrated successful aging score was lowest in the HIV+/ SCA− group. However, even among the HIV+/SCA− group, the mean self-rated successful aging was 6.9 out of 10, indicating that, on average, participants felt they were experiencing successful aging despite not meeting the study-defined criteria for SCA. These findings highlight the complex interdependencies among objective and subjective experiences of SCA. From a clinical, public health, and epidemiological standpoint, subjective assessment of self-reported successful aging may be less important than objective measurements anchored to real-world outcomes. From the patient's perspective; however, it may be beneficial and motivate positive health behaviors to perceive his or her aging as successful [19, 43, 44] .
The majority of the positive psychological factors examined in this study were associated with study-defined SCA, including: emotional support, hardiness, optimism, personal mastery, attitudes toward aging, resilience, and life satisfaction. The general pattern of results was such that the HIV+/SCA− group had the lowest scores on these factors compared to the other groups whose scores were similar to each other. These findings suggest that positive psychological factors may be particularly protective for HIV+ older adults, as compared to HIV− older adults. Further analysis controlling for important variables that might affect SCA (e.g., history of substance use disorders), yielded mostly HIV main effects, suggesting the differences across the HIV/ SCA groups may have been primarily a function of HIV. Moreover, some of these positive psychological factors (e.g., hardiness, satisfaction with life, resilience) were associated with better HIV disease outcomes. This same pattern of results was found with mental and physical HRQoL, with the HIV+/SCA− group having the poorest self-reported HRQoL as compared to the other groups. When controlling for confounders, we found HIV and SCA main effects as well as an HIV × SCA interaction with mental HRQoL. This latter synergistic effect of HIV and SCA shows specificity with mental HRQoL, and is consistent with previous reports in HIV and aging [17, 18] . Altogether these findings highlight that those HIV+ older adults classified as SCA had similar levels of positive psychological factors and HRQoL as HIV− persons.
More recent models of successful aging include a focus on malleable, self-report factors that can enhance functioning and facilitate successful aging, including positive psychological factors, mental HRQoL, and social support (e.g., [19] ), yet these models still tend to be less focused on the importance of cognitive and emotional health for successful aging. Maintaining cognitive and emotional health in the face of disease or physical disability is clearly attainable and the capability of accomplishing this is likely a strong indicator of successful aging [43] .
We believe that our findings may serve as a resource for both clinicians providing care for PLWH, as well as PLWH themselves, in terms of possible factors associated with SCA. Working to improve levels of positive psychological factors (e.g., hardiness, resilience, optimism) and HRQoL may, in turn, improve SCA. Several studies, both in the context of HIV as well as among older adults without HIV, have suggested the possible benefits of interventions to improve resilience [45, 46] , optimism [47] and other positive psychological constructs [48, 49] . These interventions may be appropriate next steps in efforts to improve daily functioning and quality of life among older persons living with HIV. In the absence of interventions designed to improve these positive psychological factors, it is difficult to know the true clinical meaningfulness of observed differences in the present study.
There are limitations to this study. On average, study participants were relatively well-educated, white males, which certainly limits the generalizability of this study to other subgroups of individuals aging with HIV; however, older white men who have sex with men represent the greatest majority of older HIV+ persons living with HIV in San Diego. Expanding the age range of our study to include younger HIV+ and HIV− adults would have enhanced our ability to examine age-related differences in, and perceptions of, SCA. Moreover, our sample of "older" persons was relatively "young" in that the mean age across the entire sample was in the late 50 s. A greater proportion of individuals who are 60 to 80 years old would be ideal. Additionally, our definition of SCA was circumscribed and is limited in that it focuses in on one aspect of emotional health (i.e., depression) and overlaps with two of the components used in the assessment of HAND. A more comprehensive definition might use a broader definition of emotional health and might focus on the more subjective experiences of the participant. The data gathered in this study were cross-sectional in nature and prevent inferences of causality. With that stated, this study served as preliminary data for an ongoing longitudinal study examining SCA among HIV+ adults. The ongoing study includes a more diverse sample (including a broader age range, range of education, more ethnic/racial minorities, and more women). These longitudinal data will allow us to examine predictors of change in SCA within individuals in future studies. Finally, the number of individuals in some of our SCA/HIV groups is relatively small (i.e., we only have 18 persons who are HIV− and not aging successfully); future studies will endeavor to have a greater sample size in each of these SCA/HIV groups.
Conclusions
This study extends the limited literature on SCA with HIV by using study-defined criteria for SCA that included outcomes-based phenotypes that are both vulnerable in HIV, and are modifiable. Subjective self-rated successful aging and positive psychological factors were associated with our study-defined criteria suggesting that future research is warranted to better understand the course of SCA the longitudinal predictors of SCA, and the interventions best suited to achieve SCA among people living with HIV.
